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Many mathematical models in physics, engineering, biology, and other fields
are governed by coupled systems of partial differential equations (PDEs). An
essential component, and usually the most computationally intensive and time-
consuming part, in approximating solutions of coupled PDEs, is solving the large-
scale and ill-conditioned linear systems of equations arising from the discretization
of the PDEs. We focus on the so called operator preconditioning methods as a
framework for fast solution of such systems and review the convergence analysis
of such methods. We further generalize and improve the traditional framework
of preconditioners for several practical applications, including Maxwell’s system
and the Biot’s model in poromechanics. We prove that the new preconditioners
are robust with respect to physical and discretization parameters and preserve
important physical laws if necessary.
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